RESEARCH INST




Ol et A g

P

16

-

sier

1.4

—_—
———

i

2 =l

125

MICROCOPY RESOLUTION TEST CHART

i




J

adl  _cocstiiiee......

.........

AV e e W R N e N s R e e R e A AN N Y N e X & At 0t i d 4 o

W FLE U

EFFECTS OF CERAMIC SURFACES
ON AUTOIGNITION IN A
CONSTANT VOLUME
COMBUSTION APPARATUS

INTERIM REPORT o
BFLRF No. 246 DT

ELDCTE B
By 3 MAY 0 3 1968 1
T.W. Ryan, III :

M.D. Kanakia N

K.B. Kohl
Belvoir Fuels and Lubricants Research Facility (SwRI)

Southwest Research Institute
San Antonio, Texas

AD-A193 055

Under Contract to

U.S. Army Belvoir Research, Development
and Engineering Center
Materials, Fuels and Lubricants Laboratory
Fort Belvoir, Virginia

Contract No. DAAK70-87-C-0043
Asproved for public release; distribution unlimited

December 1987

s
Ay
[

l‘
XA

e
l‘-l'. ‘. | .I
¥
R Tt

N

2

~ 3 v
ol
’

“x

XA
-

AARRA

<+

' '\I'i
AR
2
[
LY

;

V&
P - R
s »"-"- '."‘l ",.'..‘.{ [ 4

Y

LA M o
a, &l‘._“v k]

"I.I

Ay

UM rr
4 % '.'»"‘,S,

S ‘T

W S
J‘l’l’.n'.n 4

[4

e
Ly,
NN A
BN AN AR,

ARAPR AL,
5 .
»
A

.f A
W e

sNaed
il RO

5
‘. Y

PR

A
.l".';')‘

Con g o




AR R AN AT
N O e A e L WL @
VI. 4-\.-'\W\u —-\f\.-\{-.fhf.- e 51-' (K4 'z .h-\ < n.f\ﬁn\_ A R A \-\-v\.v\.v- A N LA ettt : s “\ .
v.n MA AR SNAmaM L ROV ONA AN AT TN R LANTEGS TR AN ey

o , —_
N £ g G
1 . (% -
- =
o
\ ot « 5
o [ LV N
1 o o] - m
= = o
[ = [ b4 «
= v ] m
. P £ & B
L' » L% [
‘ [ I = 0« o
5 = E 9 v 3 =4
- . S o c hﬁ £
1 2 E v ~ N ]
h T 32 K E hat
. 22 2 2 E -
' ot 4 -, — ‘%0 =
o S v [} - = @ =)
Pt wn O = (3] 5 > c -
< N n% ‘= g <] v
9] o & a3 o S P~ =
o 9 v < 4 Y .8 1%} o
s s < x5 = 2
3 m - 3 & “2 3 m
® z 2 = & £ 5 < 2
2« = = - o 7] [a
E g3 g5 = 8 8
= 2 © e o o - = .
3 2= 8 s 2 °% c 3
. § :5 3 3 T 5 3
F) - o v . =2 I
2 > ] > 2 g =1 8
(a} ) £ 5 g o .2 @ =
- 0 £ '8 ow W. e
o ¢ | 2 Q e = g
e ] nm - ms 9 =
4 v e ° g o Z 5 (a] S
© 3 em © = )
A ] " - 2 =
Y Q w E ~ E =]
&3 £8 EJ 2
o .ﬂl.-s (=3 = wn .W
7 w8 £S5 rﬂ, 2
» =2 9 3 o2 5
. - o v I ] o
nU o e U O Q.
Pl Bl -1 o © 20 m
- S.m %“ mn (%)
- Ma‘oh gD = 0 =
£z o o = =
o 9 2 e L >
£ & = =B °
« S ¥ = . =
v E 1 s O =
” L b - = Un [
» = < = > o= (a}
L
»
P+
1
f
L]
)
,_-J.
5
L
l‘h >0 NIRRT - - 3 4 o e ~a=a L O ..mh).,)‘n:..‘:.f L s \.n-....w-w [ T WL NI S SO T 2 Yy wow



P . "
Re Tata e X

LI

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

ta. REPORT SECURITY CLASSIFICATION

1b, RESTRICTIVE MARKINGS

Unclassified None

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT

= tigtissmcm YT o Approved for public release;
) N/A |ON/DOWNGRADING S v distribution unlimited

4. PERFORMING ORGANIZATION REPORT NUMBERIS)
Interim Report BFLRF No. 246

5. MONITORING ORGANIZATION REPORT NUMBER(S)

6b. OFFICE SYMBOL
(i applicable)

6a. NAME OF PERFORMING ORGANIZATION
Belvoir Fuels and Lubricants

Research Facility (SwRI)

7a. NAME OF MONITORING ORGANIZATION

6c. ADDRESS (City, State, and ZIP Code/
Southwest Research Institute

6220 Culebra

San Antouic, Tcnas

73284

7b. ADDRESS (City, State. end ZIP Code}

8a. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9, PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION U,S. Ar (if applicable) DAAK70-85-C-0007, WD 15; DAAK70-82-C-0001
Belvoir Researcn,mﬁevelopment WD 30: DAAK70-87-C—0043
and Engineering Center STRBE-VF ’

8c. ADORESS (City. State. and ZIP Code/
Fort Belvoir, VA 22040-5606

10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. no. 1026310 |No. 07f ACCESSION NO.
63104D 4D150

11. TITLE (include Security Classitication)

Effects of Ceramic Surfaces on Autoignition

in a Constant Volume Combustion Apparatus (U)

12. PERSONAL AUTHORI(S)

Rvan, Thomas W., 111, and Kanakia, Mike D., and Kohl, Karen B.
13a. TYPE OF REPORT 13b. TIME COVERED 14, DATE OF REPORT (Yaar, Month, Day) 15. PAGE COUNT
: rromOct 1984 ;o5 Dec 1987 17
Interim 1987 December
16. SUPPLEMENTARY NOTATION
17. CCJATI CODES 18. SUBJECT TERMS /Continue on reverse if necessary and identify by block number
FIELD GROUP SUB-GROUP

~Ignition, Ceramics, Catalvtic Surfaces

19. /ABSTRACT (Continue on reverse if necessary and identify by block number!

stabilized zirconia increased *he delay times.

appropriate baselines are considered. ',

A constant volume combustion apparatus was used to determine the effects of ceramic-coated
surfaces on the ignition of fuei sprays from a diesel injection nozzle. The goal was to determine if
the ceramic surfaces could enhance ignition through catalytic effects on the surfaces. Statistical
analysis of the data indicated that an aluminosilicate coating had no effect, while a partially
[t appears, however, that th2 aluminosili~ate cciting
could actually enhance the ignition, producing shorter ignition delay times, if the results of the

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT

T UNCLASSICD UNUIMITED .. SAME AS RPT. ~. DTIC USERS

121, ABSTRACT SECURITY CLASSIFICATION
Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL

Mr. F.W. Schaekel

2¢. OFFICE SYMBOL
STRBE-VF

22b. TELEPHONE (inc/de Area Code/
(703) 664-3576

DD FORM 1473, 84 MAR

83 APR edition may be used unti exhausted.

SECURITY CLASSIFICATION OF THIS PAGE

All ather editions are obsolets.

Unclassified

kY
’

L 4
Y

o o)

Y
h)
soA L

o

%

W @

T
%

o ap
A

t

5 Y
PLs

[ % LS
b
oy

T
S ‘r %

g '-' _-]

e,

o,
e

¢
27

>

L
a

o

2 a‘(vfl’{.

»h

;‘.‘

A

"'?‘:":'1 P -

o)

"'v’r-.

(‘.0
L

[P o S S R N | S, LS
Ry 'l'l"“'.".")l-"
">"""-‘." /.'..' P l'.;

@

Y

u-;.'
e
7,

RS
Sere

.
-

2 o)
h}

XA
.t
X




Pl i i Yt et )

T s X'k,

PPl

FOREWORD

This work was performed at the Belvoir Fuels and Lubricants Research Facility (BFLRF)
located at Southwest Research Institute (SwRI), San Antonio, TX, under Contracts No.
DAAK70-82-C-0001, DAAK70-85-C-0007, and DAAK70-87-C-0043, for the period 16
February 1984 through 31 December 1987. Work was funded by the U.S. Army Foreign
Science and Technology Center (FSTC), Charlottesviile, VA, and the U.S. Army Belvoir
Research, Development and Engineering Center (Belvoir RDE Center), Ft. Belvoir, VA.
Mr. F.W. Schaekel, Belvoir RDE Center (STRBE-VF), was the Contracting Officer's
Representative, and M. Scott Mingledorff and Steve Miller were the technical monitors

at FSTC/AIAST-RA-ST3.

. Accessicn Fer

NTIS Shasl
)

DTIT 7Tas8

«

n

LA
".r
& 8
' d
.
'n

XA

1

G 5 4

r{:
{

0,
Sele

. Bt
o PR

fe
o

‘e Y Y Y Y

S e
ID.P
b

b

1
™
2l

i

4

o om o
'&s}‘

)

I3
wov

(N ]
.

*

e v w
l',/':‘*.“'." +
PR A

4 R Al ..

/

5

»

LA SN

LA

<




. ’s\ o - -
P ...m.,...... Mrf...,u. L PR e
» - - -- LR R i 3 -
\\\..J LA oot DS AR NI AR ECER A
Y555 ............r....u;v. . .x...... | AL . .. P Sl SRR OGNy x\s.;.\.. o N
Y LS e x.- PREATD . 3t a PP A S DN A
RSN A AR s .......)?. WALV Y .: N AR RIS
< PV ...... I AP A A ‘-\f..;.s- .-. ...../....f.
y
|-
-
o o L 2
? 2 & o
zZ o
b s E 2
-
. 2 5 o
1 v a. &)
h ] > =
' et )
A e [+ E Rt
. n L
1} fond o
N o + C
' - o C
o 5 <
' T n =
] p L
2 % v
1
c
X S 6 &
_ o o .
. 3D
' - 0 W
) = E 3
o
s 7]
o = 5 v a
, Z wn L >
f 43 +— m —
< O
1 M o] — Y
<, W w— O
: a o > v
) T o
._ )} c .
: 2 £ 89 .
; o >
) B 2 - =
O o 5 o,
5 Z 00 .
e ! b [P} QL =
@) = £
~N < 2 B M
. Q0 oo
S c 2
X < 2 o
o
4 a W. @
[ o}
» < T3
: o ©® O
' ~ Q.
-’ = e =
A S g
1 m 9] O
3 5 £ C
1 o u a
S 3 5 bt .
N m B o
woQ
= o w5
6 — ® 5
£53 ¢
N ——t
305 = w
X o 8 ¢
' Q n f..u ~
L U v U
ba) T < /R S B
¥

L s

SLPL



LA POt g gt gty A8 A a8 ) Syt Vg ooy - e e N N I N A R Y

] :J‘.‘i
-‘\
: TABLE OF CONTENTS <7
h NJ'
3 o
: o)

e

Section Page

k 1. INTRODUCTION s+ +evvesncttescacassscssntscsstscsnsscncsasccceccccse 1

L]

) II. OBJIECTIVE ceroecccecssscccccacnrssscccroscsntrsscccrcccrsccccocoe.

111, EXPERIMENTAL crcccveccacecccscacncnssssscnssccrscrsoroscscccccccne 2

. \ I-‘."f d
| A. Apparatus--o---..-.--.....-.....-o.-..-------.---o---........ 2 _:J‘.‘.r\:f
o . . N A
; B. Preparation of COatingse«+=+=sssesesrrresesanetattucatenecncn. 4 i
P L I T A R R N R NEACAS

C. Procedure > B

- e

N~~I_.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
00

IV. RESULTS AND DISCUSSION

: , =
v. SUMMAARY""""""""""""""'"""""""""""""' 12 .'.1:..
) Ll
VI. REFERENGCES rectvcteseaosassaneasaansssssassscsasassssassnasansns 13 ;t.'f :
e
.
’ “{? h
) :"':"'::
oy
1 :.'),'n.e.\,

LIRS
O )
.&F}'{

Y

Ay

N
.

'y
H4H N

.'.I .'i
RIS

P

L T T}

v
-
,

[ A o
NS

b
L3
&

v
>

o]

]
]
.
e
AN
0

.

AR AR NS
LA C

[
P f
PRI
SO

SN

X RONDE
_\‘_-.‘_\".;

BRI A

. .

RS SEN

'-‘ '.)"-—.
S
RO




A
e

LIST OF ILLUSTRATIONS

b T T Ve JN
I.x'.'

7

b
7

.
* o

L%,

Figure Page

2

1 Cross-Sectional View of the Combustion Bomb s+ esceccsnccacccccecnn. 3

5

-
'-.' s'ts

o R Mo

<
]

r

Dragsure-Time Records and Injection-Nozzle Needle-Lift Trace
With Identification of the Various Pcints of Interesteccessrecrereace 7

o

v Mean Ignition Delay Times and Tukey Error Bands for .
:- Eachlnsert--...;.--...-....-o-.--...-.------.-.-o--.o-...-..- 10 :\,:_\
Iy RS
- e
o 4 inserts Showing Before Conditions and Condition After the -
" Experiments-.--o---..--.-..-;ooo-..---.-.---..o.------------- 11 ;..‘_

i

LIST OF TABLES

1 4 ’i’_’,

!

-
: 1 Insert DesCriptions s +esesererraertrmrereterrecttescrascneneoneens 4

1oy >
2 2 Plasma-Spray Parameters sseeseersrrosresecranrtaatoceantanttcns 6 -

3 Tabulation of Experimentally Determined Ignition Delay Times=-++=-+-" 9

X K

P 4 Means and Standard Deviations for Each Insert s-v-sermeeeccrecenccnns 10 e
P AA YA
‘. RSAY

[4

k]

b
v - .
l{ ll.::\-‘;l. Y
4 N .)-\ “_‘.
“ ., A .,'-
b ':'-F\ .'?'
LI .l.' .

Pl

a

. N
1 Y
1ol .?._ «
v, o
o, )

v, o~ :
> RSN

- ,'-,6'_.

w

',l.l'lq
o L

v«
SheS
554 ,%85"

L)
[) .
K vi

re
hY
I




I. INTRODUCTION

Application of ceramic materials in the combustion chambers of diesel engines offers
several opportunities for improved cycle efficiency and reduced engine maintenance.
The ceramics, primarily in the form of coatings, have been examined mainly as a means
of insulating the engine and thus eliminating the need for engine cooling. The
elimination of the cooling system has the potential of simplifying the engine mainte-
nance and of providing an opportunity to recover energy via the use of turbo-
compounding. Theoretically, the higher combustion chamber temperatures could also
result in improved cycle efficiency due to the higher initial temperatures of the
expansion stroke. The thermal effects on efficiency have not, however, been definitively

demonstrated in an engine.

An intuitive impression is that the ceramic surfaces in the combustion chamber could act
as catalysts, which could affect the ignition and combustion of the injected diesel fuel.
This impression has been somewhat enhanced by the discussion in Reference | and the
patent of Morotsky, et al.(2)* In these studies, it is suggested that the coatings act as
catalysts, which enhance the ignition and speed combustion. The global outcomes of
these effects are improvement in cold starting and reductions in gum and carbon deposits

in the engines.

An underlying consideration of the catalytic theory of the ceramic coatings is the actual
importance of the surfaces on ignition and combustion in diesel engines. In addition, if
the surfaces are indeed acting as catalysts, it appears to be essential that the fuel have
direct contact with the combustion chamber surfaces. Examination of the effects of
various surfaces on ignition and combustion in an actual engine is extremely difficult due
to the problems associated with [ube oil and combustion product contamination,

component durability, and the problem of detecting subtle changes in combustion.

Documentation of the effects of ceramic surfaces on ignition in a diesel engine is a
complex problem involving not only the uncontrollable parameters mentioned above, but
also the composition of the coating and the geometry of the injection system and the

combustion chamber. The problem therefore reduces to one of designing an experiment

* Underscored numbers in parentheses refer to the references at the end of this report.
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y in which the uncontrollable parameters are eliminated as variables and the coatrollable

: parameters are easily fixed, or at least understood.

.} An extensive research and development effort has been underway at Southwest Research

:: Institute for the past 3 years aimed at developing a better understanding of the ignition

process in diesel engine type environments. These experiments have been performed in a

- constant volume combustion apparatus (CVCA). Because of the experience in studying

N ignition in the CVCA and because of its simple geometry, the CVCA appears to be an

\ excellent apparatus for examining the effects of the ceramic surfaces on ignition.

N [I. OBJECTIVE

3y

.; The objective of this study was to determine the effects of various ceramic surfaces on

Y ignition delay time as measured in a constant volume combustion apparatus.
5 ,
;
- . EXPERIMENTAL "
- z
_, A. Apparatus

3
In an effort to simplify the experimental problems and to maximize the benefits of
:' utilizing experience gained in previous projects, a series of experiments were performed

Y in an existing constant volume combustion apparatus. The CVCA is currently being .
developed as a device for determining the cetane number of diesel fuels.(3,4) g
. The CVCA consists of a high-pressure, high-temperature combustion bomb equipped with o
ke a diesel injection system and a sensitive pressure-measuring system. Fig. | is a ~
.: simplified cross-sectional view of the bomb. The apparatus consists of a stainless-steel _:
E:: cylinder machined internally to prevent fuel impingement on the metal surfaces when ,x
':I using a pintle nozzle. The internal volume is 52.3 cubic centimeters with a diameter of f:;:
- 2.5 cm and an approximate length of 10 cm. The spray characteristics of the nozzle

:;: have been well documented with respect to penetration, spray angle, and drop size. This
: type of injection nozzle was chosen because it produces (3) a more dispersed spray in a

2 quiescent environment than a multihole nozzle.
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Figure I. Cross-sectional view of the combustion bomb

The combustion bomb can be charged with any gaseous oxidizer or inert gas, but the R
- LY L]
. — L. . RS
design limits were based on an initial pressure and temperature of 4.1 MPa (600 psia) and RN
7% YR
. . . . . . . A
5389C (1000°F), respectively, with a stoichiometric mixture of diesel fuel and air. P
NN
AV RMa
®
The theoretical peak pressure corresponding to the design condition is approximately BESISRRS
34,9 MPa (5000 psia). The bomb is equipped with electrical resistance heaters that are ?':;:.~_ =]
used to heat the vessel walls as well as the contents of the combustion chamber. An NN
_ . A
automatic controller is used to control the surface temperature of the bomb. Surface J'-“ﬁt’
thermocouples and a thermocouple probe are 1'sed to determine the temperature of the f}:}?_.‘_ﬂ
. . . . A _s“\
bomb walls and contents, respectively. A water-cooled piezoelectric pressure transducer [N .\_\::-
RGNS
is ir stalled for measurement of the pressure-time relationship. A charge amplifier is .\.:‘:,"\-f
LY I.
used to condition the transducer signal. N
",v."\i
The injection nozzle is equipped with a line pressure transducer installed at the nozzle ~

V1 B K

and a needle-lift sensor. The fuel injection system, specially developed for single-shot
injecticn, has been designed to develop injection-system dynamics and characteristics

similar to those observed on systems installed on engines. The injection system consists .

H

of a barrel-and-plunger assembly mounted in a pneumatically actuated drive system. As

P

'y s
\‘
L4

W A A

indicated by Hurn, et al. (6,7), the ignition delay times are greatly affected by the rate

h
b
"

of fuel injection. Considerable effort was therefore devoted to the development of the e
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injection system. The primary concern was the repeatability of the injection event not

X
'J "

T

only when using fuels with similar physical properties (viscosity, gravity, and surface

i
5 %

IL:{

tension) but also with fuels of broadly varying physical properties.

k ::\,'ﬂ\ |"
: . . . ".:"‘\ !
\ The chamber pressure data and the line-pressure and needle-lift data are dispiayed TaTa

. . . . . . - . - . '-\ ‘.

N digitized, and stored on floppy disc using a high-resolution Nicolet digital oscilloscope. DAY,

) “
. . . . NS,
An interface installed between the digital oscilloscope and a Hewlett-Packard [00QF )

-, computer is used to transfer data from the scope to the computer for computations and

[ permanent storage.

:’.

The CVCA was fitted with inserts that could be coated with the various ceramics. These

v . . . . S T

L inserts were machined in such a .nanner that the inserts formed the inside walls of the ;Ma'- ‘

7 N '

k=) cylindrical combustion chamber. Three inserts were prepared for testing in the CVCA, ::.- '

h &

L One was uncoated for use in establishing the baseline, one was coated with gamma fﬁétf
) : , : . , , - Taind

alumina and amorphous silicon oxide, and the third was coated with a yttria containing ®
” partially stabilized zirconia (PSZ). TABLE ] is a listing of the coatings and the :;2::
o O N
‘ treatment procedures. MG
o \::‘-I'

| o

v ath,

- TABLE 1. Insert Descriptions Y

" Coating Material Treatment Description v

Baseline None s

'~ . - . ':-.!\'
X Aluminosilicate on Molybdenum (0.003 in.) (0.076 mm) I

o Molybcanum Bond Coating Y¥-Alumina + Amorphous Silica (0.003 in) ol

o GRS
. RSN
y Yttria Containing Partially Amdry 995 (0.005 in. thick) (0.127 mm) AN
- Stabilized Zirconia Metco 204 NS (0.012 in. thick) (0.305 mm) v

e
\A Frety
- "\-':'4'
~ PN,
~ PN
N B. Preparation of Coatings 23]
> R
\ AT
= The objective was to apply an aluminosilicate coating similar to the coating generally

.- described in Reference 2. The major claim for this coating is that, when applied to

{. . . - . . .

. diesel engine combustion chamber, it promotes combustion at high loads and prevents

- formation of gummy residues at lower loads. The composition of the coating is at least

>

b
1]
w
4

< AT
: : i3
“~ OO A LU R R A

v * W A A A VA . RS ERE A N
. NG '}Q:\,\¢x.-,\{\_'_.J.R.Jr




40 wt% silica with the remainder being predominantly gamma-alumina. The ceramic
coating is applied over an intermediate layer of molybdenum. The molybdenum sublayer
serves as "bond" coating that damps the differences in thermal expansion of the ceramic
and the substrate metal in case of heating and cooling cycles. The molybdenum is also
thought to intensify the catalytic activity of the aluminosilicate coatings when applied

by powder flame spray method.

Various attempts were mace to deposit aluminosilicate coatings on molybdenum-layered
stainless steel surfaces. The powder feeds for the plasma-spray gun included premixed
alpha-alumina/quartz silica, gamma-alumina/quartz silica, and simultaneous dual feed of
the pure components. The variation of spray deposition parameters included nozzle size
(powder feed rates), carrier gas mixture (nitrogen and hydrogen), and plasma current and
voltage. The coatings obtained by these procedures did not contain significant levels of

silica.

The procedure that yielded the required levels of silica (40 wt%) was spraying pure
amorphous silica over a gamma-alumina layer. The [aboratory anaiyses for composition
were carried out by energy-dispersive X-ray mapping in a scanning electron microscope.
The final aluminosilicate coating on the test insert consisted of powder flame-sprayed
molybdenum 0.003 in. (0.076 mm) thick and Y-alumina + amorphous silica for a combined

thickness of 0.003 in. (0.076 mm).

The plasma spray parameters for the aluminosilicate coating and the yttria-stabilized

zirconia coating are presented in TABLE 2.
C. Procedure

The technique used in the experiments consists basically of the development and
application of a technique suggested by Hurn, et al. (6) and Yu, et al.(7) As adapted
and applied to the combustion bomb described previously, the technique consists of
measuring the pressure change that occurs in the bomb during the injection process.
These measurements are made under identical thermodynamic conditions, using the
same spray characteristics with fuel being injected first into air and then into

nitrogen. In a typical experiment, two pressure traces are obtained -- one with the
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ke TABLE 2. Plasma-Spray Parameters

'l
)

e

Powder

Amdry Metco
Molybdenum Alumina Silica 995 204

Spray Gun
Type 3MB 3MB 3MB 3IMB 3MB

Nozzle

Powder Port

Gas Pressure, psi -
Primary Nitrogen 100 100 100 100 55 NEAEED

: Secondary Nitrogen 50 50 50 50 50 NN
: N

] Power . ]
. Amps 400 500 400 500 500 BHSRLN.

..;.(\.'_ .
. Volts 65-70 64-70 55 65 78-82 :::.;.::(_ ;
' XN

Powder Feed ..

«
1

s
'l .
i

™y
: Type 3IMP 3MP 3MP 3MP 3MP Ty
: Gas Flow 37 37 41 37 37 N

wa_lq'.;

Spraving
Distance, 1in. 4-5 2-4

[RS)
WA
1
£
o
1)
\wn

Rate, g/hr

fuel injected into air with subsequent combustion, and one with the fuel injected into

nitrogen. An example of the data obtained from the bomb is plotted in Fig. 2.

By comparing the pressure traces, it can be seen that, in both cases, the pressure

, decreases during the early part of the injection event. In the case with air, the
& Y I

s pressure ultimately rises due to the onset of self-sustaining combustion. In the

nitrogen case, the pressure remains below the baseline. In Loth cases, the pressure

drop is due to the vaporization of the fuel. The physical delay (Tp) has in the past (8, 9)
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Figure 2. Pressure-time records and injection-nozzie needle-lift trace with
identification of the various points of interest

been defined as the time measured from the start of injection to the point where
nitrogen and air cases diverge. The chemical delay (T(.) is then defined as the time
elapsed from thc divergence point to the point at which the air case crosses the baseline.
These definitions are somewhat arbitrary in that chemical reactions could occur during
the defined physical-delay period, while the definition of chemical delay implies that the
reactions become self-sustaining only after the cooling effect of fuel vaporization is

overcome.

An improved definition of the physical delay time is based on the realization that the
fuel vaporization and mixing are coupled, and affect the chamber pressure during the
same time interval. The improved definition for the physical delay, therefore, is
measured in terms of the elapsed time from the start of injection (needle lift rise) to the
minimum of the chamber pressure trace. The definitions of the various points on the

scope trace are also shown in Fig. 2.
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[he question of defining the ignition delay time usually results from the difficulty of
identifying the start of combustion. Several possibilities include the start of pressure
rise, the start of heat release, or the occurrence of a luminous flame. In this work, the
total ignition delay time (Tq4) is defined as the time from the start of injection, as
indicated by needle lift, to the initial pressure cross-point (see Fig. 2). It was felt that
this definition was acceptable for these comparisons because of the similarity in the

shapes of the combustion pressure traces.

The three inserts were tested in the CVCA at initial test conditions of 8009F (427°C) and
300 psia (2.0 MPa) using a 36 cetane number blend of the primary reference fuels for
cetane rating. The experiments were performed starting with the fresh surface and
repeating 24 times, recording the ignition delay time for each test. The uncoated insert
was tested twice, once at the start of the experiments, and again after the other two

coated inserts were evaluated.

IV. RESULTS AND DISCUSSION

The results of the experiments are tabulated in TABLE 3. A cursory examination of the
data reveals that the ignition delay times are very similar for all the experiments. The
mean for the entire data set is 17.0, with a standard deviation of 1.17. Measuring this
effect on ignition in terms of cetane number, this represents a 1.77 cetane number
difference, using the same fuel and tests condition. The extremes of the data set are
14.5 and 21.1 ms. This difference, which could actually include outliers of the data set,
represents only a 5.0 cetane number difference. It can be concluded fiom thcese
observations that the effects of the ceramic surfaces are small. In order to be able to
detect any possible differences, it was felt that the data should be analyzed using

statistical techniques designed to identify small differences in data sets.

The experimental data were entered into the computer and analyzed statistically to
determine if there were any differences that could be related to the ceramic coating.
The results of the analysis indicated that the two repeats of the baseline data were not
significantly different, demonstrating that the results were not varying with time. In
addition, there was no apparent relation between the ignition delay and completion of
the repeats on a given insert, indicating that repeated combustions were not affecting

the results. The results using the aluminosilicate (G-Al) coating were not significantly

different, in a statisticai sense, from the baseline. In addition, the results using the
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TABLE 3. Tabulation of Experimentally Determined Ignition Delay Times

Ignition Delay Time (Milliseconds)

Baseline
Before
Repeat No. Experiment |

l 21.1

2 19.05
3 16.7
4 17.1
5 18.3
6 18.7
7 15.7
‘ 8 18.2
! 9 17.5
10 16.3
; 11 17.5
| [2 [5.5
13 16.9
14 16.6
15 17.8
16 16.4
17 16.3
] {8 16.5
19 18.5
20 17.5
21 16.7
22 17.6
23 16.1
24 17.2

Coating

PSZ

Experiment 3

G-Al
Experiment 2

Baseline
After
Experiment &

15.2
18.3
16.5
17.1
17.7
19.2
19.8
17.3
16.9
17.3
17.7
17.7
16.9
18.0
16.6
17.2
18.8
17.9
13.6
18.7
18.6
17.6
18.7
18.0

16.2
l6.6
16.0
17.1
15.0
17.6
15.7
15.3
16.9
16.3
14.5
15.8
16.9
18.2
17.2
17.8
15.9
16.9
17.6
15.3
16.2
15.7
15.2
17 .4

18.0
16.8
15.9
l6.7
17.8
16.7
15.9
15.1
16.0
17.9
16.4
18.2
15.5
14.9
16.8
17.3
16.5
15.4
16.7
l6.7
16.8
17.7
16.1
16.3

partially stabilized zirconia (PSZ) coating were different trom the baseline, but in the

direction of increased ignition delay time.

| The means and the standard deviations of the data for each c¢f the different inserts are

listed in TABLE 4. These results are plotted in Fig. 3 using the appropriate error band

for each set of experiments.

The statistical analyses provide a strict interpretation

of the results, in which there are no statistically significant differences in the results

for the coated surfaces as compared to the composite of the baselines. The plot, on the

other hand, offers an opportunity to examine the data in a more qualitative sense,

possibly providing a better insight into the true effects on ignition.
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) Table 4. Means and Standard Deviations for Each Insert

Insert Mean, ms Standard Deviation
: Baseiine Before 17.3 1.24
PSz 17.8 1.00
G-Al 16.4 0.98
N Baseline After 16.6 0.91
N
. 19 —
: prem
| _
) 18
N e L
X E
m o
Y 2 -
N =
>. —
37—
w
3 S r
" S -
': —
< L
Q
=16 p—
o -
. —
! -
. BASELINE G-Al PSZ BASELINE
¢ BEFORE AFTER
y INSERT MATERIAL
»
9 Figure 3. Mean ignition delay times and Tukey error bands
X for each insert
d
) Examination of Fig. 3 reveals that while "Baseline Before" and "Baseline After" overlap,
2 the overfap is small and that the "Baseline After" appears to have a lower ignition delay

time. The order of performing the experiments was "Baseline Before", insert G-Al,

insert PSZ, and "Baseline After." If the results for the coated inserts are compared to

Y

CA
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the baseline data generated in the closest corresponding experiments, the results for
insert G-Al should be compared to "Baseline Before", and the results for insert PSZ
should be compared to "Baseline After". If these comparisons are made, it becomes
apparent that the results for insert G-Al are statistically lower than the "baseline
before", while those for insert PSZ are statistically higher than the "baseline after".
Based on the means of the four data sets, the partially stabilized zirconia (PSZ)
produced a 0.6 increase in cetane number, while the aluminosilicate (G-Al) produced a
0.9 decrease in cetane number. It should be noted, however, that these effects are
approximate and may not be significant in an engine during cold start when the surfaces

are cold and the catalytic effects, if any, are probably even smaller.

As indicated previously, the potentials for fouling of the surfaces appear to be extremely
high in an engine in which the surfaces are exposed not only to the fuel and combustion
products but also to the lube oil. If the ceramic surfaces are to serve dual purposes of
providing insulation as well as a catalytic surface, it can be argued the surface
temperatures will be high and the reaction rates sufficient to prevent surface fouling.
Indeed, the Morotsky patent claims this as a beneficial effect of the catalytic surface.
Fig. 4 is a photograph of the inserts showing the before condition (small pieces at the top

-

Baseline PSZ2 G-Al
Figure 4. Inserts showing before conditions and condition after the experiments
(small pieces at top of each insert show before condition)
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of each fuel insert) and the condition after the experiments. It should be noted that the

surfaces were maintained at 427°C (800°F), well above cylinder wall surface tempera-
tures attainable in oil-lubricated diesel engines. It should also be noted that the coated
inserts were exposed to only 24 combustion events. In addition to the fact that the
surfaces had significant deposits, it is interesting that the alumina silicate surface

appeared -0 have the least amount of deposit.

V. SUMMARY

In a strict statistical sense, the results of these experiments indicate that the ceramic
<oatings have no effect on the ignition delay time as determined in the CVCA. If, on the
other hand, the drift in the experimental results are accounted for by using the baseline
data developed nearest in time to the corresponding data for the coated inserts, it
appears that the ignition process can be affected by the surface of the combustion
chamber. In the case of the PSZ, the result was toward increased ignition delay time, an
undesirable result for reduced cetane requirement in an actual engine. The fact that an
effect is possible suggests that the PSZ should be studied in a more basic research
program to determine if the results are physically induced or a result of chemical
reaction. In addition, more coating should be studied to determine if positive effects can
be obtained if the appropriate materials are selected and applied. These tests should
include different applications of the aluminosilicate since the results were in the

direction of reduced ignition delay for the application tested.
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B WARREN MI 48397 (AVSCOM) NS,
£ PROPULSION DIRECTORATE NN
CDR ATTN: SAVDL-PL-D (MR ACURIO) 1 N
L~ US ARMY ORDNANCE CENTER & 21000 BROOKPARK ROAD ;g
o SCHOOL CLEVELAND OH 44135-3127 SN,
F- ATTN: ATSL-CD-CS ] P
P ABERDEEN PROVING GROUND MD CDR PPN,
21005 US ARMY QUARTERMASTER SCHOOL paNas
ATTN: ATSM-CD 1 e
o CDR ATSM-PFS (MR ELLIOTT) 1 gy
N AMC MATERIEL READINESS SUPPORT FORT LEE VA 23801 :_{_-\.
- ACTIVITY (MRSA) SN
.- ATTN: AMXMD-MO (MR BROWN) L CDR LG
- LEXINGTON KY 40511-5101 US ARMY TRANSPORTATION SCHOOL i
ATTN: ATSP-CD-MS (MR HARNET) 1 ‘e .
A HQ, US ARMY T&E COMMAND FORT EUSTIS VA 23604-5000 N,
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. AMSTE-TE-T (MR RITONDO) | PROJ MGR, PATRIOT PROJ OFFICE DN
: ABERDEEN PROVING GROUND MD ATTN: AMCPM-MD-T-C 1 LAY
o 21005-5006 U.S. ARMY MISSILE COMMAND NN
REDSTONE ARSENAL AL 35898 fr
¢ CDR . 2.
4 US ARMY ARMAMENT RESEARCH, HQ, US ARMY ARMOR CENTER AND NN
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DOVER NJ 07801-5001 e
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2 CONSTRUCTION ENG RSCH LAB DEVELOPMENT ACTIVITY SO
) ATTN: CERL-EM 1 ATTN: ATZL-CAT-E 1 InT g
N CERL-ES (MR CASE) ! FORT LEAVENWORTH KS 66027-5300 A,
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. CHAMPAIGN IL 61820 CDR
2, US ARMY LOGISTICS CTR RO
7 TRADOC LIAISON OFFICE ATTN: ATCL-MS (MR A MARSHALL) 1 BN
& ATTN: ATFE-LO-AV 1 ATCL-C { “-.‘__,
j', 4300 GOODFELLOW BLVD FORT LEE VA 23801-6000 ] \
7 ST LOUIS MO 63120-1798 “
- PROJECT MANAGER PR
\ HQ PETROLEUM & WATER LOGISTICS TN
5 US ARMY TRAINING & DOCTRINE CMD ATTN: AMCPM-PWL 1 S
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§ CDR CDR 7,’,_!, q
v US ARMY NATICK RES & DEV CENTER US ARMY ARMOR & ENGINEER BOARD SOGN
! ATTN: STRNA-YE (DR KAPLAN) 1 ATTN: ATZK-AE-AR ! )
. STRNA-U | FORT KNOX KY 40121 ENECA
3 NATICK MA 01760-5000 NN
[ .
®
v
. ..-':.x
) C\?\
v BFLRF No. 246 RONNGL
1 . Yavy

2
Page 3 of
£ 5 _!

Al
]




DIR
US ARMY MATERIALS TECHNOLOGY
LABORATORY
ATTN: SLCMT-M
SLCMT-MCM-P (DR FOPIANO)
WATERTOWN MA 02172-2796

DEPARTMENT OF THE NAVY

CDR

NAVAL AIR PROPULSION CENTER

ATTN: PE-33 (MR D'ORAZIO)
PE-32 (MR MANGIONE)

P OBOX 7176

TRENTON NJ 06828

CDR

NAVAL SEA SYSTEMS CMD
ATTN: CODE 05M4
WASHINGTON DC 20362-5101

CDR

DAVID TAYLOR NAVAL SHIP R&D CTR

ATTN: CODE 2830 (MR SINGERMAN)
CODE 2759 (MR STRUCKO)
CODE 2831

ANNAPOLIS MD 21402-5067

CDR

NAVAL SHIP ENGINEERING CENTER
ATTN: CODE 6764

PHILADELPHIA PA 19112

PROJ MGR, M60 TANK DEVELOPMENT

ATTN: USMC-LNO

US ARMY TANK-AUTOMOTIVE
COMMAND (TACOM)

WARREN MI 48337

DEPARTMENT OF THE NAVY
HQ, US MARINE CORPS
ATTN: LPP

LMM/2

LMW
WASHINGTON DC 20380

CDR
NAVAL RESEARCH LABORATORY
ATTN: CODE 6170

CODE 6180

CODE 6110 (DR HARVEY)
WASHINGTON DC 20375-5000
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CDR

NAVAL AIR SYSTEMS CMD

ATTN: CODE 53645 (MR MEARNS) l
WASHINGTON DC 20361

CDR

NAVAL AIR DEVELOPMENT CTR

ATTN: CODE 606! 1
WARMINSTER PA (3974

CDR

NAVAL FACILITIES ENGR CTR

ATTN: CODE 1202B (MR R BURRIS) 1
200 STOVAL ST

ALEXANDRIA VA 22322

COMMANDING GENERAL
US MARINE CORPS DEVELOPMENT
& EDUCATION COMMAND
ATTN: DO74 1
QUANTICO VA 22134

OFFICE OF THE CHIEF OF NAVAL
RESEARCH

ATTN: OCNR-126 (DR ROBERTS) !

ARLINGTON, VA 22217-5000

CDR

NAVY PETROLEUM OFC

ATTN: CODE 43 (MR LONG) |
CAMERON STATION

ALEXANDRIA VA 22304-6130

DEPARTMENT OF THE AIR FORCE

HQ, USAF
ATTN: LEYSF (COL LCE) 1
WASHINGTON DC 20330

CDR

USAF 3902 TRANSPORTATION
SQUADRON

ATTN: LGTVP (MR VAUGHN) I

OFFUTT AIR FORCE BASE NE 68113

CDR
SAN ANTONIO AIR LOGISTICS
CTR
ATTN: SAALC/SFT (MR MAKRIS) 1
SAALC/MMPRR |
KELLY AIR FORCE BASE TX 78241
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CDR

US AIR FORCE WRIGHT AERONAUTICAL

LAB
ATTN: AFWAL/POSF
AFWAL/POSL (MR JONES)
AFWAL/MLSE
AFWAL/MLBT (MR SNYDER)
WRIGHT-PATTERSON AFB OH
45433-6563

CDR

DET 29

ATTN: SA-ALC/SFM
CAMERON STATION
ALEXANDRIA VA 22314

HQ AIR FORCE SYSTEMS CMD
ATTN: AFSC/DLF (DR DUES)
ANDREWS AFB MD 20334

WARNER ROBINS AIR LOGISTIC CTR
ATTN: WRALC/MMTV
ROBINS AFB GA 31098
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OTHER GOYERNMENT AGENCIES

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

ATTN: AWS-110
300 INDEPENDENCE AVE, SW
WASHINGTON DC 20590

NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

LEWIS RESEARCH CENTER

CLEVELAND OH 44135

US DEPARTMENT OF ENERGY
ATTN: MR ECKLUND

MAIL CODE CE-151
FORRESTAL BLDG.

1600 INDEPENDENCE AVE, SW
WASHINGTON DC 20585

ENVIRONMENTAL PROTECTION
AGENCY

AIR POLLUTION CONTROL

2565 PLYMOUTH ROAD

ANN ARBOR MI 48105
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